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Section 1 Introduction  

1.1 Background 

More than any other natural resource, water is crucially important for Missouri. It supplies municipal and 
rural residents alike, and drives the stateõs vital agricultural industry. It is relied on to generate power, sustain 
navigation, and support many environmental and recreational uses. Without access to an adequate supply of 

water, quality of life in Missouri would be threatened and the stateõs economy would cease to grow.  

The State of Missouri has two large metropolitan areas and a thriving agricultural and recreational economy, 
all of which depend on the water resources in the state. Many people live near the Missouri or Mississippi 
rivers or one of the many lakes within the state. The stateõs rivers, reservoirs, and groundwater aquifers supply 

water to maintain municipal and rural users and Missouriõs agricultural industry. The Missouri River flows 
from west to east across the state from Kansas City to St. Louis, providing a water supply for many 
communities along its banks via direct surface water intakes or groundwater wells. The Mississippi River 

flows from north to south, forming the stateõs eastern border, and provides a water supply for St. Louis and 
other providers along its banks. The major rivers and lakes in the state provide additional water supply and 
cooling water for power generation, and they support numerous environmental and recreational uses. The 

flow in rivers originating in upstream states and in Missouri provides water to sustain navigation on the 
Missouri and Mississippi rivers. 

 
Figure 1-1. Missouri Major Cities, Waterways, and Roads 
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Missouriõs economy is linked to the water resources both originating in and flowing through the state; thus, it 
is critical to understand the availability of water and quantify water needs. Agriculture in Missouri relies 
heavily on natural precipitation, livestock ponds, and groundwater supplies to provide water for crop growth 
and livestock production. The agricultural economy alone adds $2.25 billion a year to the stateõs economy 

(Missouri Department of Agriculture 2019).  

Although Missouri typically has adequate water resources, persistent drought conditions have, at times, 
resulted in supply shortages. In addition to a shortage of supply, there are other reasons that water may not be 

available when and where it is needed because of the distance of the need from the source, insufficient 
conveyance or treatment infrastructure, lack of ample storage, or water quality constraints. In many areas, 
surface water supplies are subject to seasonal fluctuations and supplies are frequently at their lowest when 
demand is the highest. Sufficiently developed and maintained infrastructure can help mitigate the impacts of 

drought episodes and other water emergencies. Groundwater supplies, particularly bedrock aquifers, are less 
susceptible to drought and seasonal fluctuations than surface waters. In shallow alluvial aquifers, the aquifer 

and overlying stream can be linked hydrologically, each resource affecting the other. 

The Missouri Water Resources Plan (Missouri WRP) outlines a comprehensive strategy to increase the 
understanding of Missouriõs water resource needs. By identifying future shortfalls in water supplies and 
exploring options to address those water needs, the plan will help ensure that Missouriõs water resources will 
meet future demands. Maintaining a current plan helps water suppliers and officials to accurately plan for 
current and future water needs. By applying a variety of scenarios related to climate, increased demand, and 

supply disruption, the plan fulfills a critical role in predicting water demand in the short and long term. 
Thorough examination of water supply and demand into the year 2060 plays a vital role in ensuring Missouriõs 
ability to grow and prosper. These factors provided the impetus for developing the plan. It is the most detailed 

and comprehensive water planning effort in the stateõs history. 

The Missouri Department of Natural Resources (MoDNR) is not only authorized to execute this project, they 

are required by statute to develop, maintain, and periodically update a state water plan (See Section 1.2.2 for 

additional detail).  

Prior water resource efforts include the following: 

 

In 2016, the MoDNR Water Resources Center initiated the Missouri WRP in partnership with the U.S. Army 
Corps of Engineers (USACE). The USACE partnership is achieved through their Planning Assistance to States 

(PAS) authority (Section 22 WRDA 1974 P.L. 93-251). This gives USACE authority to assist states financially 
in preparing comprehensive plans for the development and conservation of water and related land resources.  
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1.2 Missouri Department of Natural Resources 

1.2.1 Mission 

MoDNR (2019) identifies its mission as:  

òThe Missouri Department of Natural Resources protects our air, land, water, and mineral 
resources; preserves our unique natural and historic places; and provides recreational and 
learning opportunities, while promoting the environmentally sound operations of businesses, 

communities, agriculture, and industry for the benefit of all Missourians.ó 

1.2.2 Statutory Authority 

MoDNR has the statutory authority to develop, maintain, and periodically update a state water plan for a 
long-range comprehensive statewide program for surface water and groundwater uses in the state (Missouri 

Revisor of Statutes [RSMo] 2019a). This statute is provided below. 

640.415. State water resource plan to be established for use of surface and ground water ñ annual 

report, contents ñ powers of department. ñ  

1. The department shall develop, maintain and periodically update a state water plan for a long-range, 
comprehensive statewide program for the use of surface water and groundwater resources of the 
state, including existing and future need for drinking water supplies, agriculture, industry, recreation, 
environmental protection and related needs. This plan shall be known as the "State Water Resources 

Plan". The department shall collect data, make surveys, investigations and recommendations 
concerning the water resources of the state as related to its social, economic and environmental needs. 

2. The department shall establish procedures to ensure public participation in the development and 

revision of the state water plan. 

3. The department shall submit a report to the general assembly at least one year prior to the 
submission of the state water resources plan. The report shall specify the major components of the 
plan, and may recommend any statutory revision which may be necessary to implement the 
requirements of this section. The plan shall be submitted to the general assembly for approval or 
disapproval by concurrent resolution.  

4.The department may: 

(a) Require such reports from groundwater and surface water users and other state agencies as 

may be necessary. 
(b) Conduct investigations and cooperate or contract with agencies of the United States, agencies 
or political subdivisions of this state, public or private corporations, associations, or individuals on 

any matter relevant to the administration of Section 192.300, Sections 640.100, 640.120, and 

640.400 to 640.435. 

To attain this goal, the Missouri WRP summarizes the existing water supplies and demands projected to 
2060 by river basin at a reconnaissance level. In addition, a range of future scenarios was developed, and the 
adequacy of water supplies was evaluated under each scenario. Existing projects have been documented, and 

future water supply strategies have been identified. In a few areas of the state, local planning entities have 
identified projects and can implement those projects. When entities need implementation assistance, the 
Missouri WRP addresses planning and implementation needs, identifies future water strategies for 

implementation, and identifies an adaptive management framework for moving forward. 
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1.3 Participating Water Institutions 

Water resources in Missouri are overseen by several local, state, regional, and federal water institutions. Each 
water institution has its own mission and responsibilities related to water resources in the state. The role each 
of these institutions plays in water resources planning varies by entity. Some key state and federal institutions 

participating in the Missouri WRP are noted below in Sections 1.3.1 and 1.3.2.  

1.3.1 State Water Institutions  

Missouri Department of Natural Resources 

Among other responsibilities, MoDNR implements state-level policies related to water. The following 
subsections describe the functions of some groups within MoDNR that contribute to this task. This is not 

meant to be an exhaustive list but more an introduction on how programs and sections support one another. 

Water Resources Center 

The Water Resources Center is tasked with overseeing science, planning, and policy on how Missouri utilizes 

water as a resource to meet its water supply needs. There are two sections carrying out this function, 
Groundwater and Surface Water.  

The Missouri WRP is being led by the Water Resources Center, which is under the Missouri Geological 

Survey Division of MoDNR. The center has the following responsibilities: 

Á Perform water supply analysis, drought assessments, flood and hydrology studies, and analysis of water 
use data 

Á Monitor surface and groundwater quantity 

Á Engage in state water planning efforts 

Á Maintain a database of information from registered major water users 

Á Engage in interstate water negotiations, compacts, and agreements 

Á Assist in the construction of public water supply wells 

Á Determine hydrologic properties of aquifers for sustainable use of these water sources 

Water Protection Financial Assistance Center 

MoDNRõs Financial Assistance Center (FAC) provides funding to communities for water, wastewater and 
stormwater infrastructure. Most of the funding available is provided through the two State Revolving Funds - 
Drinking Water and Clean Water, though there are additional state grants and loans that FAC administers for 

a variety of other projects. Through outreach and workshops, FAC works to provide information and 
guidance on the funding opportunities available to communities. 

Water Pollution Control Branch 

The Water Pollution Control Branch has the responsibility of overseeing water quality, not related to drinking 
water, in Missouri. To complete this task there are several sections that serve different functions. When 

constructing a facility that will have wastewater discharge, a construction permit must be obtained. The 
Engineering section is responsible for evaluating construction permits as well as the design specifications of 

the proposed infrastructure.  

Public Drinking Water Branch 

The Public Drinking Water Branch addresses water quality in Missouri specific to drinking water. They have 
the same functions as the Water Pollution Control Branch with a modified structure. The sections that make 

up Public Drinking Water Branch are Monitoring, Permits & Engineering, and Compliance & Enforcement.  
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Soil and Water Conservation Program  

The Soil and Water Conservation Program supports best management practices designed to reduce soil loss, 
improve water quality and promote sustainable agricultural in the state. Mirroring the 114 counties in 
Missouri, there are 114 soil and water conservation districts that Soil and Water Conservation Program 

supports.  

University of Missouri 

The University of Missouri has been an integral team member in developing the agricultural portions of the 

plan. The College of Agriculture, Food and Natural Resources at the University of Missouri leveraged their 
extensive knowledge base and data on agricultural practices and operations in Missouri to quantify Missouriõs 
agricultural demands. University staff developed the agricultural water demands for crop irrigation, livestock, 
agricultural food processing, and biofuel production. In addition, the staff participated in and provided 

direction to the agricultural discussions in the technical workgroups.  

Missouri Department of Conservation 

In addition, the Missouri Department of Conservation (MDC), Missouri Department of Economic 
Development, and Missouri Department of Agriculture participated in the water planning process and 
provided technical support. The MDC has a mission to òprotect and manage the fish, forest, and wildlife 
resources of the state; to facilitate and provide opportunity for all citizens to use, enjoy, and learn about these 
resources.ó This mission includes the protection and management of water bodies in the state. The Missouri 
Department of Economic Development works to create and promote economic growth by supporting 

Missouriõs businesses and industries. The Missouri Department of Economic Development supports and leads 
community redevelopment efforts post disasters such as the recent droughts and flooding in Missouri. The 
Missouri Department of Agriculture sets agriculture policy and provides assistance to farmers throughout the 
state. Although many of its duties are regulatory, its expanded duties include consumer protection, public 
health roles, environmental advocacy, agricultural marketing, and promoting new uses for Missouriõs 

agricultural goods. 

1.3.2 Federal Water Institutions  

USACE partnered with MoDNR to provide financial and technical assistance to this project. The partnership 
with the USACE is achieved under their PAS authority (Section 22 of the Water Resources Development Act 

of 1974, as amended), which provides authority for USACE to assist local governments, states, Native 
American tribes, and other nonfederal entities in preparing comprehensive plans for the development and 

conservation of water and related land resources.  

The USACE PAS program can support many types of studies dealing with water resource issues. In this case, 
the PAS program is assisting MoDNR in updating the Missouri WRP. USACE is interested in supporting 

studies like the Missouri WRP because of the benefits of planning ahead to address water resources issues 
before they become more difficult to address. Through programs like the PAS, USACE can partner with a local 
or state government agency to avoid damages associated with flooding, or shortages owing to demands greater 

than available supplies. 

There are seven USACE districts operating in Missouri. They are the Kansas City, Little Rock, Memphis, 

Omaha, Rock Island, St. Louis, and Tulsa districts (see Figure 1-2). The Missouri WRP has engaged the 

Kansas City and Little Rock districts. 
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Figure 1-2. USACE District Boundaries in Missouri 
Source: USACE 

 

In addition to USACE, the U.S. Geological Survey (USGS) has been a valuable participant in the Missouri 
WRP. In addition to monitoring stream flow and developing water use reports, USGS has developed a 
numerical groundwater model in MODFLOW of the Ozark Plateaus Aquifer located in the southern half of 
Missouri and portions of surrounding states. This MODFLOW model was used to assess potential impacts to 

groundwater levels in Missouri under future projected demands for the Missouri WRP. The USGS 
groundwater model provided a valuable tool to identify areas of potential concern where water levels are 

dropping as a result of groundwater pumping in Missouri.  

1.4 Stakeholder Process 

The Missouri WRP included several key stakeholder engagement activities to promote and seek input on the 

plan as it was being created. These activities included regularly scheduled meetings of water resources 
stakeholders and agency representatives. In addition, MoDNR staff helped build awareness of the update to 
the plan through public presentations throughout the state on the Missouri. Information on these stakeholder 

meetings, presentations, notes, and brochures is available on the Missouri WRP website 

(https://dnr.mo.gov/mowaterplan/). 

1.4.1 Interagency Task Force 

Water Resources Law, Section 640.430 (RSMo 2019b), RSMo, 
directs MoDNR to establish an Interagency Task Force (IATF) 
to promote coordination among state departments and water 

resource stakeholders, ensure surface water and groundwater 
resources are maintained at the highest level practicable, and 
support present and future uses. The IATF serves as an advisory 

group to the Missouri WRP, providing guidance and direction. 

Interagency Task Force Meetings: 

¶February 24, 2016 

¶November 28, 2017 

¶May 31, 2018 

¶November 29, 2018 

¶May 30, 2019 

¶November 6, 2019 

https://dnr.mo.gov/mowaterplan/
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The IATF members at the commencement of the Missouri WRP were: 

Á Paul Wieland, Missouri State Senator  

Á Don Rone, Missouri State Representative 

Á Ajay K. Arora, Ameren Missouri 

Á Heather Brouillet Navarro, Missouri Coalition for the Environment 

Á Baolin Deng, Ph.D., University of Missouri, Water Resources Research Center 

Á Denise Derks, Missouri Department of Economic Development 

Á Dan Engemann, Coalition to Protect the Missouri River 

Á Danny Flynn, Well Installation Board 

Á Elizabeth Grove, Safe Drinking Water Commission 

Á Michele Helton, Tyson Foods, Inc. 

Á Leslie Holloway, Missouri Farm Bureau 

Á Ramona Huckstep, Missouri Municipal League 

Á Robert Kallenbach, Ph.D., University of Missouri, College of Agriculture, Food and Natural Resources 

Á Chris Klenklen, Missouri Department of Agriculture 

Á Derek Linam, Missouri American Water 

Á Ashley McCarty, Clean Water Commission 

Á Patrick McKenna, Missouri Department of Transportation 

Á Adam McLane, The Nature Conservancy 

Á Roddy Rogers, City Utilities of Springfield 

Á Todd Sampsell, Missouri Department of Conservation 

Á Darrick Steen, Missouri Soybean and Corn Growers Association 

Á Kerri Tesreau, Missouri Department of Health and Senior Services 

Á Gary Vandiver, Soil and Water Districts Commission  

Á Ron Walker, Missouri Department of Public Safety 

1.4.2 Technical Workgroups 

Five technical workgroups were organized by water plan topic area: Consumptive Needs, Nonconsumptive 
Needs, Infrastructure Needs, Agricultural Needs, and Water Quality. The objectives of the technical 
workgroups were to provide guidance on technical analyses, give feedback to the development of technical 

products, identify and prioritize water resource issues, and provide recommendations on how to address 
those issues. This information was incorporated into the Missouri WRP. A list of the members for each of the 
five technical workgroups is contained on the Missouri Water Plan website 

(https://dnr.mo.gov/mowaterplan/technical-groups.htm). 

Consumptive Needs 

The Consumptive Needs workgroup reviewed technical data and analyses regarding consumptive water uses 
such as public drinking water, industrial self-supply, and other domestic and municipal use. The workgroup 
identified items not already contained in the data or reflected in the analysis. In addition, the workgroup 
worked with the project team to identify water supply challenges associated with consumptive needs and 

provide recommendations about how to address those challenges. 

 

https://dnr.mo.gov/mowaterplan/technical-groups.htm
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Nonconsumptive Needs 

The Nonconsumptive Needs workgroup provided input and guidance related to nonconsumptive water uses 
such as recreation, navigation, and portion of thermoelectric and hydropower use. The workgroup assessed 
nonconsumptive needs data and analyses, worked with the project team to identify water supply challenges 
associated with nonconsumptive needs, and provided recommendations about how to address those 

challenges. 

Infrastructure Needs 

The Infrastructure Needs workgroup reviewed technical data and analyses regarding water and wastewater 
infrastructure needs while considering water quality-related infrastructure challenges. The workgroup 
worked with the project team to identify water supply challenges related to infrastructure, identify funding 
and financing opportunities to meet infrastructure needs, and provided recommendations about how to 

address those challenges. 

Agricultural Needs 

The Agricultural Needs workgroup reviewed technical data and analyses regarding agricultural water use 
such as crop irrigation and livestock use. In addition, the workgroup worked with the project team to identify 
water supply challenges facing agriculture and provided recommendations about how to address those 
challenges. The University of Missouriõs College of Agriculture, Food and Natural Resources performed the 

agricultural water needs analysis portion of the Missouri WRP. 

Water Quality 

The Water Quality workgroup reviewed technical data and analyses regarding water quality to assess how it 
affects water supply needs. For the purposes of the Missouri WRP, analysis regarding water quality focused 

on its impacts on drinking water supplies. The workgroup identified water supply challenges related to water 

quality, and provided recommendations about how to address those concerns. 

Technical workgroups began meeting in November 2017 and met quarterly throughout the development of the 
Missouri WRP. At first, each of the technical workgroups met separately, focusing on their topic area. As each 
of the topic areas were developed, it became apparent several of the topic areas were not mutually exclusive 

but shared related concerns. 

At the May 2018 technical workgroup meetings, the Consumptive 

Needs and Infrastructure Needs workgroups consolidated because 
of the closely related interests of the two areas. After the May 
meetings, the Missouri WRP tasks focused on quantifying supply 
and demand. Therefore, rather than talk about consumptive, 
nonconsumptive, and agricultural demand in isolation, it was 
determined it would be beneficial to combine the technical 
workgroups into one. This allowed all of the technical workgroup 

members to hear, discuss, and provide input on the supply and 
demand analysis. In August 2018, the technical workgroups began to 
focus on developing four planning scenarios. In this and subsequent 
technical workgroup meetings, two breakout groups, Municipal and 
Industrial (M&I) and Agriculture, were used to focus on the 

specific interests of each topic area.  

 

Technical Workgroup Meetings: 

¶November 14ς16, 2017 

¶February 6ς8, 2018 

¶May 15ς17, 2018 

¶August 28, 2018 

¶November 11, 2018 

¶February 21, 2019 

¶May 29, 2019 

¶November 6, 2019 
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Members of the technical workgroups were identified and invited based upon their representation of various 

water use sectors in Missouri. The organizations/entities represented in the technical workgroups are:  

Á AgriServices and Inland Rivers, Ports & 
Terminals 

Á Alliance Water Resources 

Á Allstate Consultants 

Á Ameren  

Á American Waterways Operators 

Á APAC-Kansas City 

Á Association of Missouri Clean Water Agencies 

Á Black & Veatch 

Á Boone County Resource Management 

Á Burns & McDonnell 

Á City of Springfield 

Á City of St. Joseph  

Á City of St. Louis Water 

Á Clarence Cannon Wholesale Water 
Commission (CCWWC) 

Á Coalition to Protect the Missouri River 

Á Ducks Unlimited 

Á Environmental Improvement and Energy 
Resources Authority  

Á Fort Leonard Wood 

Á Geosyntec Consultants 

Á Greenway Network 

Á HDR 

Á Heartland Conservation Alliance 

Á JBS USA 

Á Kansas City Water Services (KC Water) 

Á Lathrop & Gage  

Á Lincoln University-Busby Research Farm 

Á Metropolitan St. Louis Sewer District 

Á MFA Incorporated 

Á Missouri American Water 

Á Missouri Canoe & Floaters Association 

Á Missouri Corn Growers Association 

Á Missouri Dairy Association 

Á Missouri Department of Agriculture 

Á Missouri Department of Conservation 

Á Missouri Department of Transportation 

Á Missouri Egg Council 

Á Missouri Farm Bureau 

Á Missouri Pork Association 

Á Missouri Prairie Foundation 

Á Missouri Public Utility Alliance 

Á Missouri Rural Water Association 

Á Missouri Soybean Association 

Á National Oceanic and Atmospheric 
Administration 

Á Natural Resources Conservation Service 

Á Newman, Comley & Ruth P.C. 

Á Olsson Associates 

Á Ozarks Water Watch 

Á Southwest Missouri Regional Water 
Commission  

Á Southwest Power Administration 

Á The Nature Conservancy 

Á The Poultry Federation 

Á Tyson Foods 

Á U.S. Coast Guard 

Á U.S. Fish and Wildlife Service 

Á USGS 

Á University of Missouri 

Á Watershed Committee of the Ozarks 

Á Waterways Council, Inc. 

1.5 Fundamental Goals  

At the beginning of this update to the Missouri WRP, MoDNR and stakeholders developed goals and 
objectives for the plan. These goals and objectives have been posted on the Missouri WRP website, have been 

presented in several presentations across the state, and are as follows:  
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Á Evaluate current and future groundwater and surface water availability 

Á Evaluate the needs of all water users, such as drinking water suppliers, agriculture, industry, navigation, 
and recreation 

Á Develop projected water supply needs through the year 2060, taking into account projected population 
changes, new or increasing industry demands, and hydrologic conditions 

Á Identify gaps in water availability based on water use projections 

Á Identify water and wastewater infrastructure needs, funding, and financing opportunities 

Á Identify impacts affecting water availability 

Á Outline a series of strategies to meet Missouriõs water needs 

Á Identify gaps in water-related datasets 

1.6 Water Resources Plan Approach 

Missouri WRP efforts began in 2015 with the development of a report compiling available background data 
and developing a methodology to serve as the foundation for the plan update. This gathering of baseline data 
and resources and development of an approach provided the basis on which the plan would be built, with 

minor modification when additional data, information, or resources became available.  

The second and third steps were to develop population and economic forecasts used to define water demands 

and develop forecasts of those demands through 2060, the planning period for the Missouri WRP. These 
water demand forecasts rely on population and economic forecasts for the M&I sector throughout the state. 
Agricultural demands were computed by the University of Missouri using land use information, which 

includes typical crop type and historical weather patterns.  

The fourth step in the process was to determine available water supplies. Missouri has significant surface 
water and groundwater supplies, and each was evaluated separately. Surface water supplies were evaluated by 
basin throughout the state using a water budget approach that quantifies the water flowing into the basin, 
water that is consumed, and water that flows out of the basin. A similar approach was used to quantify the 
amount of groundwater supplies available by basinñthe approach is based upon a water balance of the 

aquifers underlying each basin and includes factors such as aquifer recharge, storage, and withdrawals. 

Once demands and available supplies were quantified, they were compared to identify potential shortages 

both spatially within the state and temporally within the year. Potential shortages were identified for normal 
water years and drought of record years, providing critical indicators of the severity of a potential shortage. 

This was evaluated for four scenarios. 

Based upon the identified potential shortages, a list of water supply options was developed. These options 
were focused on the location and timing of the identified shortages. In the last step of the plan, an adaptive 

management framework was defined to guide the implementation of water supply options in a structured way 

to avoid the pitfalls of either underperformance or overinvestment as the future unfolds. 

1.7 Report Organization 

Section 2 discusses the physical setting in which the water resources of Missouri are being assessed in the 

Missouri WRP. Section 3 explores the demographics and associated water use within Missouri to quantify 

demands, followed by a review and assessment of available surface water and groundwater supplies in Section 
4. Section 5 characterizes water and wastewater infrastructure throughout Missouri and identifies the major 

water resources projects currently in various stages of planning. Section 6 summarizes the drinking and 
wastewater funding options available in Missouri. Options for meeting future water needs are identified in 
Section 7, and the framework for evaluating water resources strategies is described in Section 8. In Section 9, 

four hypothetical water resource scenarios representing a range of future conditions are evaluated to identify 
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potential shortages and the results are used to develop an adaptive management strategy to assess planning 

decisions at future milestones. Finally, in Section 10, the plan uses the information and analyses performed in 

Sections 3 through 9 to develop a list of key findings and recommendations to maintain a long-term, 
comprehensive strategy to meet Missouriõs water resources needs into the future. 

Overview of Water Resources Plan Sections  
The Missouri WRP sections are organized as follows: 

Á Section 2 Physical Setting ð provides a summary of Missouriõs climate, physiography, drainage basins, 

and groundwater provinces. 

Á Section 3 Statewide Demographic and Water Use Forecast ð defines the population projections under 
varying economic assumptions to quantify water demands for the 2060 planning horizon. 

Á Section 4 Missouriõs Water Supply ð quantifies Missouriõs available supply of surface water and 
groundwater. 

Á Section 5 Missouriõs Drinking Water and Wastewater Infrastructure ð characterizes water and 

wastewater infrastructure throughout Missouri. 

Á Section 6 Drinking Water and Wastewater Funding Options ð characterizes water and wastewater 
infrastructure funding opportunities throughout Missouri. 

Á Section 7 Developing Options for Future Water Needs ð evaluates the options for meeting future water 
supply needs and their advantages and disadvantages. 

Á Section 8 Planning Methods ð evaluates future water resource needs under four defined scenarios. 

Á Section 9 Future Scenarios Assessed ð defines adaptive management strategies that can be 
implemented to minimize or alleviate potential shortages. 

Á Section 10 Findings and Recommendations ð provides a list of the key findings and recommendations 
identified during the development of the plan. 
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Section 2 Physical Setting 

2.1 Introduction 

This section provides the physical description of the three physiographic provinces, nine subregions, and 
seven groundwater provinces in Missouri. Subregion characterizations include spatial and climate analysis 
and detailed land use descriptions. The geology and hydrogeology of the groundwater provinces are presented 

and their importance as a water supply source is discussed. 

Overview of Section 2 Physical Setting  

Subsections are organized as follows: 

Á Section 2.2 Location and Climate ð summarizes Missouriõs geographic location and the typical climate 

patterns. 

Á Section 2.3 Physiography ð describes the physiographic provinces in the state. 

Á Section 2.4 Subregion Drainage Basin Descriptions ð summarizes the nine subregions that, based on 

surface hydrology, correspond to the USGS 4-digit hydrologic unit code (HUC 4) units. 

Á Section 2.5 Groundwater Province Descriptions ð summarizes the seven distinct groundwater provinces 
and their unique hydrogeologic and geologic characteristics. 

 

The primary data sources used include the following: 

Á Section 2.3, which describes the physiography of the state, used Missouri State Water Plan Series Volume I: 

Surface Water Resources of Missouri as a reference (Vandike 1995). 

Á Subsections within Section 2.5 describing the geology and hydrogeology of each of the nine groundwater 

provinces used Missouri State Water Plan Series Volume II: Groundwater Resources of Missouri as a reference 

(Miller and Vandike 1997). 
 
In addition, discussions of topographic relief are based on elevation data from the Missouri Spatial Data 

Information Service State-Extent digital elevation model (Missouri Spatial Data Information Service 1999). 

2.2 Location and Climate 

Missouri is in the Midwestern United States, south of Iowa and north of Arkansas. The state is bordered to 

the west by Nebraska, Kansas, and Oklahoma and to the east by Illinois, Kentucky, and Tennessee and 
encompasses approximately 69,707 square miles (USGS 2018). Missouri is divided among 114 counties and the 

City of St. Louis, which is a separate entity outside of any county, as shown in Figure 2-1. 

The climate of Missouri is marked by strong seasonality driven by its inland location and lack of mountain 
barriers to airflow from both the north and south (National Oceanic and Atmospheric Administration 

[NOAA] 2017). Winters bring dry, cold air masses that periodically come south from the northern plains and 
Canada and may mix with warmer regional air masses to result in humid air, snow, and rain. Summers bring 
moist, warm air masses, which come north from the Gulf of Mexico, producing heavy rain. Spring and 

autumn, both transitional seasons, bring abrupt changes in temperature and precipitation due to successive, 
fast-moving fronts that separate contrasting air masses (Decker 2018).  
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Figure 2-1. County Map of Missouri 

 
Winter temperatures in Missouri are cool, with lows typically below freezing. Mean January minimum 
temperatures, which follow a northwest-to-southeast gradient, range from 12 degrees Fahrenheit (°F) in the 
northwest to 24°F in the southeast. Summers, conversely, include stretches of hot, humid weather that are 
broken up by occasional periods of dry-cool weather. Mean July maximum temperatures show little 
geographic variation throughout the state and range from 87 to 90°F (Decker 2018).  

As shown in Figure 2-2, mean annual precipitation varies along the same northwest-to-southeast gradient as 
winter temperatures, ranging from 34 inches in the northwest to 50 inches in the southeast. Seasonal 

precipitation varies widely throughout the state. In northwestern Missouri, summer precipitation is five times 
greater than winter precipitation, whereas in southeastern Missouri, precipitation has minimal seasonality 
due to the influence of subtropical air masses throughout the year. Spring, summer, and early autumn 

precipitation generally come in the form of showers or thunderstorms. Hail also occurs in all regions and is 

most likely to fall in May (Decker 2018).  
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Figure 2-2. Mean Annual Precipitation for Missouri 
 

Most snow in Missouri falls in December, January, and February, although snow may fall as early as October 
and as late as May. North of the Missouri River, annual snowfall averages 18 to 24 inches, whereas annual 

snowfall averages 8 to 12 inches in the southernmost counties (NOAA 2017). 

2.3 Physiography  

Missouriõs physiography, which is characterized by factors such as geologic structure, landforms, climate, 

vegetation, soil and water, varies across the state. Three major physiographic provinces have been delineated: 
the Central Lowlands in the north and west; the Ozark Plateaus in central and southern Missouri; and the 
Coastal Plain in the southeast. Distinctive structural or geologic differences further divide the provinces into 

several subprovinces as shown in Figure 2-3. The unique features of the physiographic provinces are 

discussed below. 

2.3.1 Central Lowlands Province 

The Central Lowlands province is in northern Missouri and lies within the larger Interior Plains division of 
the United States (Fenneman and Johnson 1946). This province includes the Dissected Till Plains to the north 

and the Osage Plains to the west. 

The Dissected Till Plains was formed by advances and retreats of two major ice sheets that left behind thick 
deposits of unconsolidated, glacially derived sediments. It is characterized by moderately dissected, glaciated, 
flat to rolling plains that slope gently toward the Missouri and Mississippi river valleys, with dendritic 
drainage (McNab and Avers 1994). Ground surface relief (i.e., the change in elevation) of the Missouri portion 
of this subregion is approximately 900 feet. The primary lithology of the subprovince includes Pleistocene 

loess underlain by Pleistocene till (McNab and Avers 1994). 
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Figure 2-3. Physiographic Provinces and Subprovinces of Missouri 
 

The Osage Plains presents a gentler topography than the Dissected Till Plains. These plains are not a result of 
glaciation and are underlain by Pennsylvanian-age sedimentary rocks that consist of thin limestone, 
sandstone, and shale. The relief of this subprovince is approximately 520 feet. A moderate density of small to 
medium size, highly meandering, perennial and intermittent streams with dendritic drainage patterns exist 
within the Osage Plains (McNab and Avers 1994). Water generally drains east and north into the Missouri 

River, with the exception of the southern tip of the subprovince, which drains south and west to the Arkansas 
River. 

2.3.2 Coastal Plain Province 

The Coastal Plain province of Missouri is located within the larger U.S. Atlantic Plains division and includes 
the southeastern corner of the state (Fenneman and Johnson 1946), commonly referred to as the Bootheel, or 

as shown on Figure 2-3, the Southeastern Lowlands. The portion within Missouri is covered by alluvium 

comprised of sand, gravel, silt, and clay that was deposited by the St. Francis, Black, Mississippi, and Ohio 
rivers. The province also includes erosional remnants of previous plains in the form of Crowleyõs Ridge, 
Hickory Ridge, and Benton Hills (Brookshire 1997). These ridges and hills are composed of Tertiary, 

Cretaceous, and Paleozoic rocks that form islands in the alluvial materials that surround them. Ground 

surface relief within the province is approximately 370 feet. 

In the 19th century, the Southeastern Lowlands was noted for its swamps and poor drainage. Since the late 
1800s, however, drainage patterns have been altered for agricultural and development purposes, and water is 

now generally channeled south toward Arkansas and eventually to the Mississippi River. 
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2.3.3 Ozark Plateaus Province 

Between the Central Lowlands and the Coastal Plains provinces lies the Ozark Plateaus province (Fenneman 
and Johnson 1946). The Ozark Plateau is an uplifted area in southern Missouri and adjacent parts of Arkansas, 

Illinois, and Oklahoma. In the Missouri portion, there is approximately 1,490 feet of relief. The province is 
further divided into the St. Francois Mountains, the Salem Plateau, and the Springfield Plateau subprovinces. 
The St. Francois Mountains subprovince is in southeastern Missouri and includes the highest point in the 

state, Taum Sauk Mountain. The St. Francois Mountains are the center of uplift, where an eroded 

Precambrian mountain range is surrounded by younger sedimentary rock.  

The Salem Plateau subprovince is in central and south-central Missouri. The subprovince is primarily 
comprised of Ordovician- and Cambrian-age sedimentary rocks and surrounds the St. Francois Mountains. 
The area consists of steep-sided, deep valleys and is dissected. In upland areas, the bedrock is covered by thick 

deposits of unconsolidated residual material. 

The Springfield Plateau subprovince is in southwestern Missouri, with Mississippian-age limestone forming 

the uppermost bedrock, and is separated from the Salem Plateau by the Eureka Springs escarpment. 

2.4 Subregion Drainage Basin Descriptions 

Missouri can be divided in to nine subregions based on surface hydrology. Each subregion represents a major 

drainage basin that corresponds to the USGS HUC 4 units shown in Figure 2-4. Each subregion is described 
below. Subregions are comprised of numerous subbasins and watersheds that correspond to other hydrologic 
unit classifications. The USGS 8-digit hydrologic unit code (HUC 8) is referred to as a subbasin. 

 
Figure 2-4. Missouri HUC 4 Subregion Map 


